Japanese-Brazilians were the third largest immigrant group in Japan in 2011. Their health issues have caused concern, as their limited language made them vulnerable by hindering access to health services. Upon considering child health, mothers' health literacy (HL) is very important. This study aimed to develop a health literacy scale among Brazilian mothers (HLSBM) in Japan. Questionnaires in Portuguese were distributed to 1474 mothers from December 2011 to March 2012. Among 698 collected, 558 questionnaires were analyzed. We prepared 29 candidate items for HLSBM based on Nutbeam's concept of functional, interactive and critical literacy. The dimensional structure was determined statistically using confirmatory factor analysis. Validity was also analyzed by Pearson's correlation with Ishikawa's scale and Kendall's coefficient of concordance among researchers. Cronbach's α coefficients were calculated to examine internal consistency. The confirmatory factor analysis revealed a two-factor model (five items for basic literacy and five items for critical literacy) with sufficient goodness of fit (GFI 969, AGFI 945, NFI 959, CFI 972, RMSEA 060). The internal consistency values of the total score, basic and critical literacy sub-scales were 0.819, 0.889 and 0.667, respectively. Kendall's coefficient of concordance showed good agreement of researchers ( p < 0.001). Pearson's correlation coefficients with Ishikawa's scale were 0.554 for total score, 0.446 for basic literacy and 0.472 for critical literacy. The HLSBM consisting of two factors was confirmed to be valid and reliable. The HLSBM must be useful for understanding this vulnerable group's health literacy and its associated factors.
INTRODUCTION
Health literacy (HL) is defined as the cognitive and social skills that determine the motivation and ability of individuals to gain access to, understand, and use information in ways that promote and maintain good health (WHO, 1998) . This means not only reading pamphlets and successfully making appointments, but also being empowered (WHO, 2009 ). Nutbeam classified HL into three levels: (i) basic/functional, (ii) interactive/communicative and (iii) critical (Nutbeam, 2000) . Basic literacy refers to the fundamental language ability that enables persons to function in HL. Interactive literacy indicates the ability to communicate and obtain information using that language ability. Critical literacy means the ability to analyze the information obtained and to apply it in real life.
In 1992, the National Adult Literacy Survey (NALS) in the USA revealed that ∼21-23% of the population was rated literacy level 1-the lowest among the five levels of literacy on that survey. In fact, half of the population was ranked at in level 2 or lower, indicating inadequate literacy (Kirsch et al., 1993) . Since then, several studies have been conducted to develop HL scales such as The Rapid Estimate of Adult Literacy in Medicine (REALM; Davis et al., 1993) and The Test of Functional Health Literacy in Adults (TOFHLA; Parker et al., 1995) . Both these scales are written in English and thus require the ability to read and understand English. The Spanish translated version of these scales only measured functional HL.
Previous studies reveal that HL relates to age, education, race/ethnicity and economic status (Gazmararian et al., 1999; Baker et al., 2000; Gausman and Forman, 2002; Schillinger et al., 2002; Howard, 2004; Shea et al., 2004; Weiss, 2005; Kutner et al., 2006) . In addition, immigrants' HL has been studied using the Short Test of Functional Health Literacy in Adults (S-TOFHLA) (Zun et al., 2006; and REALM (Zun et al., 2006; Nokes et al., 2007) . For non-native English-speaking immigrants, HL measurements in English may reflect their English language ability, rather than their HL (Garbers and Chiasson, 2004; Thomson and Hoffman-Goetz, 2011) . Moreover, some scales have been translated into Spanish (e.g. S-TOFHLA-S, SAHLSA-50) and their reliability and validity have been verified (Aguirre et al., 2005; Lee et al., 2006) . However, HL measurements in immigrants' mother tongue may not reflect health communication difficulties in a foreign country.
In 2011, over 200 000 Brazilian nationals resided in Japan-the third largest immigrant population after those from China and Korea. These Brazilian immigrants are mainly Japanese-Brazilian, that is, descendants of Japanese immigrants to Brazil. The current Brazilian population in Japan has experienced medical and educational problems due to language difficulties and cultural differences. Immigrants' problems of health care or their illness have been previously reported (Hashimoto et al., 2011; Igarashi et al., 2013; Tashiro et al., 2013) , but no research has been published on their HL in Japan. Unlike Japanese, nearly 100% of whom over the age of 15 can read and write Japanese, many Brazilian immigrants have language difficulties. Existing major HL scales such as TOFHLA, REALM and the Newest Vital Sign (NVS; Weiss et al., 2005) measure only functional HL. For the Japanese, the HL scale for diabetics measures the functional, interactive and critical literacy of diabetes patients, and the HL scale for office workers measures their interactive and critical literacy Ishikawa and Yano, 2008) . However, these scales are not appropriate for immigrants in Japan. Evidently improved HL is directly proportional to their health, and immigrant mothers' HL may especially influence their children's health. Therefore, this study develops the HL scale for Brazilian mothers (HLSBM) in Japan.
METHODS

Subjects
In Aichi, Mie and Shizuoka Prefectures, 26 Brazilian schools were identified from the website of the Embassy of Brazil in Japan in September 2011. The term 'Brazilian schools' refers to those schools authorized by Brazil's Ministry of Education, which operate in Japan according to the Brazilian curriculum. We requested research cooperation from each of the 26 schools' principals, of whom 14 gave their consent. Subsequently, teachers in these Brazilian schools distributed 1474 questionnaires to students' mothers.
Data collection
Questionnaire
The questionnaire comprises four parts: (i) HLSBM; (ii) Ishikawa's HL measure (Ishikawa's et al., 2008a) ; (iii) possible HL-associated factors and (iv) influence of mothers' health behavior on children. Associated factors are socioeconomic and physical factors, Japanese language ability, previous health knowledge, social support, history of health service utilization and acquisition of health information. Mothers' health behavior consists of the intention to consult and to consider a diet.
HLSBM components
On the basis of Nutbeam's three levels of HL concepts, HLSBM items were created by referring to previous Japanese scales (Takayama et al., 2005; Ishikawa and Yano, 2008) and the conceptualized models of Baker (Baker, 2006) and Paasche-Orlow and Wolf (Paasche-Orlow and Wolf, 2007) . Some HL-related items identified through an interview with immigrant mothers conducted by Hashimoto et al. were also adopted (Hashimoto et al., 2011) . Of the 29 items created, 10, 9 and 10 addressed basic literacy, interactive literacy and critical literacy, respectively.
Translation
The questionnaire was first prepared in Japanese and then translated into Brazilian Portuguese using backtranslation (Brislin and Penn, 1970 ) to ensure quality and equivalence.
Pilot test
Prior to the survey, a pilot test was conducted to ensure the clarity and simplicity of items and answers. A Brazilian school, not certified by the Brazilian government but located in the area of the survey was recruited. Research consent was sought, after which teachers distributed questionnaires and envelopes. The teachers were instructed neither to insist on submission nor to confirm. Two weeks later, teachers collected the envelopes without confirming whether they contained the questionnaires. Participants who submitted the envelope received a JPY 500 prepaid card for books, and after the envelopes were collected from the school, the principal of the school received a JPY 5000 prepaid card. Of the 60 questionnaires distributed, 48 were returned. The distribution of answers was then confirmed. After the pilot test, a few items were rephrased so that respondents could understand them more easily.
Survey
After receiving signed consent from the schools' principals, the teachers distributed the questionnaires and envelopes. The survey procedure employed the same distribution and collection methods as the pilot test described above.
Analysis
Questionnaires with no/multiple answers for HL items were eliminated. Items were discarded as a result of verifying ceiling and floor effects and item-total correlation. After exploratory factor analysis, the dimensional structure was statistically determined, using confirmatory factor analysis.
Content, concurrent and construct validities were examined. Two Brazilian women and four nurses experienced in dealing with Brazilian residents or HL verified whether the items represented basic, interactive or critical literacy and if they measured mothers' HL. Using the scale from Ishikawa et al.'s study (Ishikawa et al.'s, 2008) , concurrent validity was analyzed by Pearson's correlation. After determining the factors, the experts classified each item into a factor to examine Kendall's coefficient of concordance among researchers.
Cronbach's α coefficients were calculated to examine internal consistency. A Kruskal-Wallis test was conducted to analyze the relationship between HLSBM scores and sociodemographic characteristics. PASW Statistics 18 and Amos 18 were used for data analysis.
Ethical consideration
This study was approved by a University Ethics Committee.
RESULTS
Sociodemographic characteristics
Of the 1474 questionnaires distributed, 698 were collected (47.4% response rate). After eliminating questionnaires with no/multiple answers, and those answered by neither Brazilian nor Japanese nationals, 558 questionnaires were analyzed. The majority of respondents were 30-44 years old, of whom ∼70% had resided in Japan for over a decade. Of the respondents, 93% spoke Portuguese at home and only 13% were fluent in Japanese (Table 1) . 
Item analysis
After examining the ceiling effect, 15 items were eliminated, while none were eliminated after examining the floor effect. On the basis of item-total correlation, one item that showed 0.056 was eliminated.
Exploratory factor analysis
Using the principal factor method and promax rotation, exploratory factor analysis was conducted using 13 items. The Screen-plot and Kaiser-Gattman methods showed three factors. Because two items were below 0.35 in factor loading, another exploratory factor analysis was conducted with 11 items, revealing two factors. A reliability analysis on 11 items showed that Cronbach's α excluding one item increased by 0.024; thus, the item was removed. We conducted exploratory factor analysis on 10 items, and two factors were extracted, with 0.819 on the Kaiser-Meyer-Olkin measure of sampling adequacy and <0.001 on Bartlett's test of sphericity ( Table 2 ). The first factor of basic literacy comprises five items that present basic Japanese literacy (reading and speaking). The second factor of critical literacy comprises five items that require gathering, criticizing and examining information for decision making.
Confirmatory factor analysis
Structural equation modeling was conducted by setting error covariance between items 4 and 10 (reading ability), 6 and 11 (conversation ability) and 28 and 29 (obtaining multiple information sources) (Figure 1 ). Factor loading recorded 0.35, and the correlation of two latent variances was 0.40. The two-factor model was verified with adequate goodness of fit: GFI 0.969; AGFI 0.945; NFI 0.959; CFI 0.972 and RMSEA 0.060.
Internal consistency
Confirming floor and ceiling effects and item-total correlation secured internal consistency. Cronbach's α of the total score and the basic and critical literacy sub-scales were 0.819, 0.889 and 0.667, respectively.
Distribution of HLSBM score
The HLSBM total score ranged between 16 and 50, with a mean of 35.05, a standard deviation of 7.11 and a median of 35. The basic literacy score ranged between 5 and 25, with a mean of 15.83, a standard deviation of 5.30 and a median of 16. The critical literacy score ranged between 8 and 25, with a mean of 19.22 and a standard deviation of 3.33, and a median of 19.
Validity
Four experts examined whether the items were adequate to measure Brazilian mothers' HL. The HLSBM questionnaire was based on Nutbeam's three levels of HL concept; however, factor analysis indicated two factors, the first including four basic literacy items and one interactive literacy item, and the second including five critical literacy items. Kendall's coefficient of concordance was performed by four experts who classified 10 random items into two factors; it showed good agreement ( p < 0.001).
For concurrent validity, Pearson's correlation coefficient was examined using the HL scale proposed by , which showed 
Relationship to sociodemographic characteristics
The Kruskal-Wallis test was conducted to analyze relationship between the HLSBM score with sociodemographic characteristics. In terms of the length of stay, the results indicated that the longer stay showed a significantly higher total score ( p < 0.001) and the basic literacy score ( p < 0.001). In terms of educational background, the results indicated that the higher education group showed a significantly higher level of HL in the total score ( p = 0.029) and the critical literacy score ( p = 0.008). In terms of Japanese language ability, the results indicated that the higher language ability group showed a significantly higher level of HL in the total score ( p = 0.000), in the basic literacy score ( p = 0.000) and in the critical literacy score ( p = 0.001).
DISCUSSION
This study developed HLSBM and examined its reliability and validity. The scale measures the HL of Brazilian mothers to promote their children's health. HLSBM comprises two factors-basic literacy and critical literacy. The HL and basic literacy have sufficient Cronbach's α; however, critical literacy has a C Cronbach's alpha. For reliability, Cronbach's alpha should generally be at least 0.8, that is, HLSBM's total and basic literacy scores. However, for social research, 0.6 is acceptable (Murase et al., 2007) , with critical literacy subscale at 0.667. Therefore, HLSBM can be used in social research. Content validity and concurrent validity were confirmed.
Although we used Nutbeam's concept to develop the scale, the factors consisted of two instead of three levels. For Japanese office workers, Ishikawa et al. developed a one-factor communicative and critical HL scale that we used to analyze concurrent validity . Chinn and McCarthy developed an HL scale in a primary healthcare setting using Nutbeam's concept, but that scale comprises four factors because, as the researchers assert, HL is a complex and evolving construct (Chinn and McCarthy, 2012) .
In theory, HL is divided into three levels; however, basic and interactive literacy are so closely related that they may not be considered completely discrete. Indeed, this study revealed that HL can be examined using two functions-basic ability and application ability. At least among Brazilian mothers, HL can be assessed using two factors-basic literacy, which includes the interactive literacy function, and critical literacy. High agreement on items among researchers confirmed the scale's construct validity.
The HLSBM had moderate correlation with Ishikawa's HL scale. Moreover, HLSBM total score, basic literacy score and critical literacy score were related to sociodemographic characteristics as indicated in previous immigrants' HL review (Hashimoto and Yanagisawa, 2012) . Therefore, concurrent validity was verified.
HLSBM is a self-evaluation scale; thus, unlike with writing or oral test-type scale, subjects will not be anxious if they are tested. Compared with the test-type scale, HLSBM has no correct answer; therefore, the scale can be used repeatedly. As it is a self-written test, it can be used for a large-scale survey.
This scale can use to evaluate Brazilian mothers who are not fluent in Japanese, because it is written in their own language. Some existing HL scales are written in languages used in host countries such as English. These scales may estimate low HL when the subject's fluency in the host country's language is low, although the HL in their mother tongue is high. These scales are based on assumption about the immigrants who use their host country's health system by employing their host country's language. However, HLSBM can evaluate only those people who are not fluent in their host country's language and have the ability to get information from their own community using resources such as the Internet or their ethnic community media.
Limitations
HLSBM cannot be used by illiterate persons, although the Brazilian illiteracy rate is low at ∼10% (UNFPA, 2010). The respondents were Brazilian mothers whose children attend Brazilian schools in Japan. Compared with Japanese public schools, the cost of education in Brazilian schools is high. Therefore, our respondents may have relatively high household incomes. We could not conduct test-retest reliability, and we did not examine repeatability. Therefore, further investigation may be necessary.
CONCLUSION
HLSBM is the first immigrant-centric HL scale in Japan. Unlike existing HL scales focused on functional literacy, this is a multidimensional HL scale reflecting Nutbeam's concept. Translated into Portuguese, the scale is effective for Brazilian mothers who are not fluent in Japanese.
